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Abstract. The little fire ant, Wasmannia auropunctata (Roger) (Hymenoptera: 
Formicidae), was first detected in plant nurseries in the Puna district of Hawaii 
island in 1999. W. auropunctata has since spread throughout Hawaii island, and 
is reported in homes, landscapes, plant nurseries and orchards, and forested areas. 
This study evaluated: 1) the attractiveness of several granular, liquid, gel, and paste 
insecticidal ant baits for homeowner and commercial use as compared with the 
standard granular baits containing hydramethylnon known to be attractive to and 
effective against W. auropunctata, and 2) the effects of weathering on granular 
bait attractiveness. Field attractiveness choice tests were conducted in an infested 
37.2-m2 plot, and worker ant foraging and recruitment were recorded at 15-min 
intervals for 2 h. Granular and paste products that were as attractive as standard 
granular baits (Amdro Fire Ant Bait, Probait) included others formulated with 
hydramethylnon, abamectin, hydramethylnon and S-methoprene, indoxacarb, 
fipronil, and metaflumizone. None of the gel or liquid ant bait products evaluated 
(active ingredients hydramethylnon, sodium tetraborate pentahydrate, thiameth-
oxam, fipronil or indoxacarb) were attractive to foraging workers. Attraction of 
these baits could possibly be improved with inclusion of preferred food sources, 
such as peanut butter or animal-based protein. Attractiveness of granular ant baits 
exposed to 7 and 14 days of weathering fell by 40 to 96% as compared to fresh 
deposits. Corn grit baits should be formulated to preserve attractiveness in tropical 
environments with high rainfall.
Key words: Wasmannia auropunctata, ant control, hydramethylnon, abamectin, 
S-methoprene, weathered bait
Introduction
 The little fire ant, Wasmannia auro-
punctata (Roger) (Hymenoptera: For-
micidae), native to South and Central 
America, is considered to be one of the 
most destructive global invasive ant spe-
cies, and has been introduced to tropical 
and subtropical localities including the 
Caribbean and Pacific islands, West 
Africa and Australia (Lowe et al. 2000, 
Holway et al. 2002, Wetterer and Porter 
2003). Little fire ant was first reported in 
Hawaii in 1999 at a plant nursery (Conant 
and Hirayama 2000) and has since spread 
throughout Hawaii Island. High popula-
tions of W. auropunctata have been cor-
related to reductions of other ant species, 
especially where they are not native and 
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have been introduced (Clark et al. 1982, 
Lubin 1984, Ulloa-Chacόn and Cherix 
1994). Field studies suggest that W. au-
ropunctata use interference competition, 
resource competition, and predation to 
eliminate other ant species (Clark et al. 
1982, Meier 1994, Achury et al. 2008). 
The little fire ant delivers a painful sting 
(Wetterer and Porter 2003), and agricul-
tural workers suffer hazardous conditions 
when W. auropunctata “rain” onto them 
from arboreal colonies in trees where ants 
are tending honeydew-producing insects 
(aphids, mealybugs, soft scales). Arboreal 
colonies can exist without any foraging 
on the ground. (Spencer 1941, Clark et al. 
1982, Ulloa-Chacόn and Cherix 1990,Wil-
liams and Whelan 1992, de Souza et al. 
1998, Wetterer and Porter 2003, Le Breton 
et al. 2004). Little fire ant stings to the eye 
have been linked to keratopathy in pets 
and other animals (Theron et al. 2007). 
 Typically, insecticidal ant bait consists of 
a slow-acting toxicant, formulated with an 
attractive food source and carrier for dis-
persal, that worker ants effectively transfer 
to the colony’s queen or queens to reduce 
or eliminate their capacity to produce new 
offspring (Williams et al. 2001). One of 
the first highly effective granular ant bait 
insecticide was mirex bait for control of 
the red imported fire ant Solenopsis in-
victa Buren (Hymenoptera:Formicidae) in 
southeastern United States. Mirex ant bait 
consisted of 0.3% mirex in 14.7% soybean 
oil mixed with 85% corncob grits (Kaiser 
1978). After mirex was banned in 1978, 
it was replaced with hydramethylnon in 
1980, in a soybean oil–defatted corn grit 
carrier, to control S. invicta (Kaiser 1978, 
Williams et al. 2001, Causton et al. 2005); 
subsequently, ant baits were developed 
with other effective active ingredients, 
such as abamectin, borates, fipronil, me-
thoprene, and spinosad (Williams et al. 
2001). Broadcast applications of granular 
ant bait insecticides developed for S. invicta 
effectively reduce ground colonies of W. 
auropunctata, however, arboreal colonies 
may not be effectively treated with granular 
bait insecticides, and may require applica-
tions with aerial equipment or as a gel or 
paste ant bait formulation that is delivered 
into the tree from the ground (Souza et al. 
2008, Vanderwoude and Nadeau 2009, 
Vanderwoude et al. 2010). Recently, a gel 
formulation of methoprene (Tango), con-
sisting of corn oil, xanthan gum and peanut 
butter, was developed by Vanderwoude 
and Nadeau (2009) that can be applied in 
ant-infested trees and shrubs with a foliar 
sprayer or spray bottle (Vanderwoude et al. 
2010, Hawaii Ant Lab 2012)
 W. auropunctata has spread through-
out east Hawaii island via movement of 
infested plant and construction material 
(Krushelnycky et al. 2005). Effective con-
trol products for large-scale application 
in plant nurseries and for homeowners 
are in high demand in these infested 
areas. There are, however, no attractive-
ness or efficacy data available for most 
commercially-available granular, gel, and 
paste bait insecticides except for Amdro 
(hydramethylnon), Extinguish Plus (hy-
dramethylnon and S-methoprene), Esteem 
(pyriproxfen) and Siesta (metaflumizone) 
(Hara et al. 2011, Souza et al. 2008, Wil-
liams and Whelan 1992). 
 Previous research has demonstrated 
that several bait insecticides developed 
for S. invicta are also effective for W. au-
ropunctata colony elimination (Williams 
and Whelan 1992, Hara et al. 2011). If a 
bait insecticide is accepted by foraging 
workers, then by trophallaxis, the toxicant 
should be transferred throughout the nest 
and ultimately cause the demise of the 
workers, brood and queen(s). This study 
evaluated the attractiveness of several 
commercially-available granular, liquid, 
gel, paste and solid ant bait insecticides 
to W. auropunctata workers, and assessed 
the effects of weathering on the attractive-
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ness of several granular ant baits exposed 
to sunlight, high humidity, and rainfall 
conditions that stimulated mold growth 
on the baits.
Materials and Methods
 Field choice bait tests. Attractiveness 
trials were conducted at the University of 
Hawaii at Hilo, College of Agriculture, 
Forestry and Natural Resource Manage-
ment (CAFNRM) Instructional Farm near 
Hilo, Hawaii, within a 37.2-m2 area that 
was infested with W. auropunctata. Ant 
bait products were obtained from sev-
eral retailers (grocery, hardware, garden 
stores) and evaluated in four trials. 
 In trials 1 and 2, indoor ant baits were 
compared with two soybean oil-infused 
corn grit granular baits known to be 
attractive to and effective against W. au-
ropunctata, Probait and Amdro Fire Ant 
Bait, respectively: 1) Amdro Kills Ants 
Stake (1.0% hydramethylnon), Combat 
Source Kill Ant (0.01% fipronil), Hot Shot 
MaxAttrax Ant Bait
2
 (0.05% indoxacarb), 
Probait (0.73% hydramethylnon), Raid Ant 
Baits III (0.01% avermectin B1), and Raid 
Double Control Ant Baits II (0.05% aver-
mectin B1), and 2) Amdro Fire Ant Bait 
(0.73% hydramethylnon), Grant’s Kills 
Ants Ant Control (1.0% hydramethylnon), 
PIC Liquid Ant Bait Killer Killing System 
(5.0% sodium tetraborate pentahydrate), 
Raid Ant Gel Precision Placement Bait 
(0.003% thiamethoxam), and TomCat Ant 
Killer Gel Bait (0.03% indoxacarb). 
 In Trials 3 and 4, outdoor granular ant 
baits were compared with Amdro Fire 
Ant Bait and Probait, respectively: 3) Ad-
vance 375 (0.11% abamectin), Amdro Ant 
Block Home Perimeter Ant Bait (0.88% 
hydramethylnon), Amdro FireStrike Yard 
Treatment (0.0360% hydramethylnon and 
0.0172% S-methoprene), Amdro Fire Ant 
Bait, and Green Light Fire Ant Control 
with Conserve (0.015% spinosad), Extin-
guish Plus (0.365% hydramethylnon and 
0.25% S-methoprene), Maxforce FC Fire 
Ant Bait (0.00045% fipronil), and Siesta 
(0.063% metaflumizone); and 4) Advion 
Fire Ant Bait (0.045% indoxacarb), Extin-
guish Plus, Extinguish Professional Fire 
Ant Bait (0.5% S-methoprene), Maxforce 
Complete (1.0% hydramethylnon), and 
Probait.
 Potential trial plots within the 37.2-m2 
area were visually surveyed with a non-
toxic peanut butter lure for presence of 
foraging worker ants just before conduct-
ing each trial. Separate plots for each trial 
were used to avoid any carryover effects 
on foraging worker ants. Ant bait products 
in prepackaged bait stations, stakes or sy-
ringes were extricated, and approximately 
1.1 g of each paste and solid bait or 1.2 ml 
of each liquid and gel bait were weighed 
and placed onto a semi-transparent plastic 
lid (45 mm diameter, L100 PC Lids, Fabri-
Kal, Kalamazoo, MI). The contours on the 
inner surface of the lid allowed foraging 
worker ants to access the bait but deterred 
them from carrying off the bait during 
the observation period. In each trial, lids 
with different baits were randomly placed 
3 cm apart at the base of rainbow shower 
trees (Cassia fistula x javanica) where W. 
auropunctata activity was observed. Each 
trial consisted of no more than six choices 
to ensure sufficient worker recruitment 
to all treatments. Each treatment was 
replicated at 10 sites within the trial plot, 
and treatment placement was random-
ized at each site. Field choice tests were 
conducted between 0800 and 1100 when 
ants were more likely to be actively forag-
ing. Each baited lid replicate was digitally 
photographed at 15-min intervals for 2 h. 
The digital images were later enlarged 
on a computer monitor in the laboratory, 
and the ants on each lid were counted and 
recorded as number of ants attracted to the 
bait per observation time interval.
 Weathered bait attractiveness. Ex-
tinguish Plus (0.365% hydramethylnon, 
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and 0.250% S-methoprene), Maxforce 
Complete (1.0% hydramethylnon), and 
Probait (0.73% hydramethylnon) baits 
were weathered by exposing the baits to 
sunlight and simulated rainfall for 7 or 14 
d. Approximately 50 g of each bait were 
spread onto wire screens (1x1 mm mesh) 
and placed on top of a layer of potting 
media (volcanic cinder topped with peat 
moss, perlite, and vermiculite mix) in a 
wooden box (34.3 L x 34.3 W x 7.6 H cm), 
set on a bench in a greenhouse enclosed 
with 60% shade cloth, and exposed to sun-
light and overhead irrigation (5.7 L min-1 
for 5 min daily) for 7 or 14 d (8 or 15 d for 
Extinguish Plus). During bait exposure, 
average temperature was 22.1°C (range 
17.5–28.7°C) and average relative humid-
ity was 84.9% (range 74.7–90.5%) (HOBO 
Model H8, Onset Computer Corporation, 
Bourne, MA). Approximately 1.1 g of 
7–8-d exposed (DE), 14–15-DE, and fresh 
(unweathered) bait were placed onto in-
dividual plastic lids (n=10 per treatment), 
and field choice tests were conducted as 
previously described. Peanut butter was 
included as a treatment to confirm the 
presence of W. auropunctata at sites where 
the trials were conducted.
 Data analysis. For each trial, ant counts 
were log-transformed and analyzed us-
ing one-way ANOVA, and means were 
separated by Tukey’s test (Roberts 2008, 
Minitab Version 16, Minitab Inc., State 
College, Pennsylvania). Non-transformed 
means are presented in tables. For choice 
test Trials 3 and 4, data for each trial were 
first subjected to two-way ANOVA to 
determine that there were no differences 
between peanut butter control replicates 
or standard granular hydramethylnon bait 
replicates (Amdro Fire Ant Bait or Pro-
bait in Trial 3 and 4, respectively) before 
consolidating all data within each trial for 
analysis.
Results
 Field choice bait tests. Among house-
hold ant baits for indoor use evaluated in 
Trial 1 (Table 1), the paste formulations, 
both avermectin products (Raid Double 
Control Ant Baits II and Raid Ant Baits 
II) containing peanut butter and sucrose, 
and an indoxacarb product (Hot Shot 
MaxAttrax Ant Bait
2
) that exuded a pea-
nut butter scent, attracted as many ants as 
granular Probait (hydramethylnon) (P > 
0.05). A semi-solid, gelatinous formula-
tion containing hydramethylnon (Amdro 
Kills Ants Stake) and a solid fipronil bait 
(Combat Source Kill Ant) were the least 
attractive (P < 0.05) to W. auropunctata 
(Table 1).
 None of the household liquid or gel ant 
baits for indoor use evaluated in Trial 2 
(Table 2) attracted as many W. auropunc-
tata workers as the peanut butter lure or 
granular Amdro (hydramethylnon) (P < 
0.05). All but one (Green Light Fire Ant 
Control with Conserve (spinosad)) of the 
granular ant baits for outdoor use evalu-
ated in Trial 3 (Table 3) attracted as many 
W. auropunctata as Amdro Fire Ant Bait 
(P < 0.05). 
 Comparing two products with similar 
concentrations of hydramethylnon but 
different concentrations of methoprene, 
Amdro FireStrike Yard Treatment (0.36% 
hydramethylnon and 0.0172% S-metho-
prene) attracted 6X as many ants (P < 
0.05) in 2 h after placement as compared 
with Extinguish Plus (0.365% hydra-
methylnon and 0.25% S-methoprene) 
with nearly twice the concentration of 
S-methoprene (Table 3). Similarly, in Trial 
4 (Table 4), significantly fewer W. auro-
punctata workers (P < 0.05) were attracted 
to Extinguish Professional Fire Ant Bait 
(0.5% S-methoprene) as compared to Ex-
tinguish Plus (0.25% S-methoprene and 
0.365% hydramethylnon).
 Weathered bait attractiveness. Com-
paring fresh to weathered hydramethylnon 
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Table 2. Field attractiveness of household ant baits for indoor use to little fire ants, 
Wasmannia auropunctata, as compared with Amdro Fire Ant Bait, 2 h after placement.
   Number of ants
Ant Bait Active Ingredient Formulation at 2 h (±SEM)
Amdro Fire Ant Bait 0.73% hydramethylnon Granular 141.1 ± 18.2a
Peanut butter (control)   70.2 ± 15.7b
TomCat Ant Killer Gel Bait 0.03% indoxacarb Gel 9.0 ± 4.6c
Grant’s Kills Ants Ant Control 1.0% hydramethylnon  Gel 4.6 ± 1.6c
PIC Ant Killing System 5.0% sodium tetraborate 
    pentahydrate Liquid 0.5 ±  0.3c
Raid Ant Gel Precision
   Placement Bait 0.003% thiamethoxam Gel 0.2 ± 0.1c
Means in the same column followed by same letter do not differ statistically (Tukey’s test) (P < 
0.05). (F = 54.63; df = 5; P = 0.0001)
Table 1. Field attractiveness of household ant baits for indoor use against little fire ants, 
Wasmannia auropunctata, as compared with Probait, 2 h after placement.
   Number of ants
Ant Bait Active Ingredient    Formulation at 2 h (±SEM)
Peanut butter (control)   151.6 ± 26.5a
Raid Ant Double Control
   Ant Baits II 0.05% abamectin Paste 126.8 ± 19.8b
Raid Ant Baits III 0.01% abamectin Paste 125.8 ± 10.1ab
Hot Shot MaxAttrax Ant Bait
2
 0.05% indoxacarb Paste 103.5 ± 10.6b
Probait 0.73% hydramethylnon Granular 98.6 ± 14.0b
Amdro Kills Ants Stake 1.0% hydramethylnon Gel 12.6 ± 3.5c
Combat Source Kill Ant 0.01% fipronil Solid 9.4 ± 1.3c
Means in the same column followed by same letter do not differ statistically (Tukey’s test) (P < 
0.05). (F = 33.83; df = 6; P = 0.0001)
granular baits (Probait, Extinguish Plus, 
Maxforce Complete), W. auropunctata 
workers were highly attracted to the fresh 
baits and the peanut butter control within 
15 min of placement, and this prefer-
ence over the weathered baits (P < 0.05) 
persisted for the entire 2-h observation 
period (Table 5). Of the three granular 
ant baits evaluated, less discoloration and 
mold growth were observed on Extinguish 
Plus at 8- and 15-DE, which continued 
to attract more than 50 workers per rep-
licate, whereas mold growth was more 
extensive on 14-DE Maxforce Complete 
and 7- and 14-DE Probait, resulting in 
less worker recruitment (P < 0.05) over 
the 2-h observation period as compared 
with the respective fresh baits. Samples 
of moldy bait cultured for identification 
of microorganisms indicated the presence 
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Table 3. Field attractiveness of granular ant baits for outdoor use against little fire ants, 
Wasmannia auropunctata, as compared with Amdro Fire Ant Bait, 2 h after placement.
  Number of ants
Ant Bait Active Ingredient at 2 h (±SEM)
Amdro FireStrike Yard Treatment 0.360% hydramethylnon,
 0.0172% S-methoprene 85.8 ± 17.7a
Amdro Ant Block Home Perimeter 
   Ant Bait 0.88% hydramethylnon 68.9 ± 17.0a
Peanut butter (control)  54.5 ± 10.3a
Amdro Fire Ant Bait 0.73% hydramethylnon 48.1 ± 9.7ab
Advance 375A 0.011% abamectin 39.9 ± 10.8ab
Maxforce FC Fire Ant Bait 0.00045% fipronil 32.0 ± 8.6ab
Siesta 0.063% metaflumizone 18.2 ± 6.7bc
Extinguish Plus 0.365% hydramethylnon,
 0.25% S-methoprene 13.6 ± 6.4bc
Green Light Fire Ant Control 
   with Conserve 0.015% spinosad 0.2 ± 0.1c
Means in a column followed by the same letter do not differ statistically (Tukey’s test) (P < 0.05). 
(F = 6.82; df = 8; P = 0.0001).
of predominantly Curvularia, Penicillium 
and Fusarium spp.
Discussion
 Field choice bait tests. Peanut but-
ter, as a lure, verified the presence of 
W. auropunctata, and at 4 of the 5 trial 
sites attracted as many or more W. auro-
punctata workers as the most attractive 
insecticidal bait(s) being evaluated. In 
addition, peanut butter-based household 
ant bait products, (Raid Double Control 
Ant Baits II, Raid Ant Baits II, Hot Shot 
MaxAttrax Ant Bait
2
) attracted as many 
ants as the soybean oil based granular 
Probait (hydramethylnon). Peanut butter 
provides carbohydrates (sugar and fiber) 
as well as leguminous protein, and fat in 
the form of peanut oil (Özcan and Seven 
2003, Ayoola et al. 2012); therefore, peanut 
butter provides essential macronutrients 
for all life stages in a W. auropunctata 
colony.
 The soybean oil–infused, defatted corn 
grit–based granular baits (Amdro Ant 
Block Home Perimeter Ant Bait, Amdro 
Fire Ant Bait, Amdro FiresStrike Yard 
Treatment, Advance 375A, Extinguish 
Plus, Probait, Siesta) tested in this study 
were developed for S. invicta and found to 
be generally attractive to W. auropunctata, 
with the exception of one bait formulated 
with spinosad, averaging less than one 
ant per bait placement, perhaps due to 
a concentration that was repellent to W. 
auropunctata. Likewise, significantly 
fewer W. auropunctata workers were 
attracted to Extinguish Professional Fire 
Ant Bait that had a higher concentra-
tion of methoprene as compared with 
Extinguish Plus. Evidently, methoprene 
at higher concentrations is repellent to 
W. auropunctata, similar to observations 
by Drees and Barr (1998) with laboratory 
colonies of S. invicta where attractiveness 
of soybean oil was reduced as concentra-
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Table 4. Field attractiveness of granular ant baits for outdoor use against little fire ants, 
Wasmannia auropunctata, as compared with Probait, 2 h after placement.
  Number of ants
Ant Bait Active Ingredient at 2 h (±SEM)
Peanut butter (control)  208.4 ± 19.4a
Maxforce Complete 1.0% hydramethylnon 165.3 ± 17.0ab
Probait 0.73%hydramethylnon 154.6 ± 17.7ab
Extinguish Plus 0.365% hydramethylnon,
    0.25% S-methoprene 93.8 ± 15.3b
Advion Fire Ant Bait 0.045% indoxacarb 92.4 ± 12.7b
Extinguish Professional Fire Ant Bait 0.5% S-methoprene 6.4 ± 2.0c
Means followed by same letter in a column (Tukey’s test) do not differ statistically (P < 0.05). 
(F = 50.02; df = 5; P = 0.0001)
Table 5. Field attractiveness of fresh versus 7- and 14-day-exposed (DE) Maxforce 
Complete, Probait, and Extinguish Plus ant baits to little fire ants, Wasmannia auro-
punctata, 2 h after placement. 
  Number of ants
Ant Bait1 Active Ingredient at 2 h (±SEM)
Fresh Maxforce Complete 1.0% hydramethylnon 97.7 ± 16.0b
7-DE Maxforce Complete  18.8 ± 7.2c
14-DE Maxforce Complete  5.5 ± 2.0c
Peanut butter (control)  292.4 ± 21.0a
Fresh Probait 0.73% hydramethylnon 184.6 ± 22.1b
7-DE Probait  6.8 ± 2.6c
14-DE Probait  13.1 ± 4.7c
Peanut butter (control)  264.8 ± 26.8a
Fresh Extinguish Plus 0.365% hydramethylnon, 
     0.25 S-methoprene 135.7 ± 14.1b
8-DE Extinguish Plus  53.8 ± 6.4c
15-DE Extinguish Plus  82.2 ± 11.0bc
Peanut butter (control)  337.7 ± 28.0a
1Weathered baits were irrigated with 28.5 l water per d in a 60% shade greenhouse.
For each bait formulation, means of fresh and weathered baits and control followed by the same 
letter (Tukey’s test) do not differ statistically (P<0.05). Maxforce Complete (F = 34.47; df = 3; P 
= 0.0001); Probait (F = 63.26; df = 3; P = 0.0001); Extinguish Plus (F = 43.29; df = 3; P = 0.0001).
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tion of methoprene increased (0.1, 1, 5%).
 In this study, MaxForce Complete (1% 
hydramethylnon) was consistently at-
tractive and had a unique bait matrix of 
proteins, simple sugars, fats and complex 
carbohydrates (Bayer Environmental 
Science 2014). It is likely that MaxForce 
Complete is able to provide essential nu-
trients to all life stages in W. auropunctata 
colonies at any given time. Worker ants 
generally forage for their own nutritional 
needs, predominantly carbohydrates for 
energy, and for the needs of the colony, 
which include carbohydrates for new 
workers, and protein for brood develop-
ment and the queen(s) (Cook et al. 2010, 
Mathieson et al. 2012). 
 Liquid, gel, and solid ant baits that 
were not attractive to W. auropunctata, 
including Amdro Kills Ants Stake, Com-
bat Source Kill, PIC Ant Killing System, 
TomCat Ant Killer Gel Bait, Raid Ant 
Gel Precision Placement Bait, and Grant’s 
Kills Ants Ant Control, did not claim 
or were not listed to be attractive to or 
effective for fire ants, indicating that W. 
auropunctata may similarly not be at-
tracted to these types of baits.
 Weathered bait attractiveness. Evalu-
ation of the weathered bait insecticides 
among granular hydramethylnon ant baits 
(Probait, Extinguish Plus, Maxforce Com-
plete) indicated a dramatic drop in attrac-
tiveness after 7 to 8 d of exposure due to 
the presence of mold in simulated tropical 
humid climatic conditions. Less discolor-
ation and mold growth on a granular bait 
attracted more ants as compared with 
granular baits with more extensive mold 
growth. Most granular bait labels state 
that excessively wet conditions (prolonged 
high humidity, frequent and prolonged 
rainfall and heavy mist) can reduce ef-
fectiveness or render ant baits unattractive 
and not to apply baits when the ground is 
saturated with water, heavy dew or when 
rains are expected within 12 hours. Oliver 
et al. (2010) also reported that wet bait is 
not attractive to fire ants. Manufacturers of 
ant bait insecticides may consider adding 
a mold inhibitor and hydrophobic carriers 
to preserve the attractiveness and physical 
integrity of their baits.
 Other ant bait formulations should be 
developed for treating W. auropunctata 
infestations in tropical environments with 
high rainfall and humidity levels, includ-
ing encapsulation in alginate pellets, 
which were used to deliver Beauveria 
bassiana to S. invica colonies (Bextine 
and Thorvilson 2002), or saturating poly-
acrylamide hydrogels with effective insec-
ticides, as was done to deliver thiameth-
oxam to L. humile colonies (Buczkowski 
et al. 2014). Attraction of gel formulations 
of baits could possibly be improved by 
inclusion of preferred food sources, such 
as peanut butter or animal-based protein.
Acknowledgments
 We thank Jade Miyashiro for data col-
lection and the University of Hawaii at 
Hilo, College of Agriculture, Forestry and 
Natural Resource Management (CAFN-
RM) Instructional Farm for allowing us to 
conduct the trials in an infested plot. This 
study was funded in part by Plant Pest 
and Disease Management and Disaster 
Prevention Programs - Farm Bill admin-
istered by the United States Department 
of Agriculture, Animal and Plant Health 
Inspection Service, Plant Protection and 
Quarantine and the Hawaii Department 
of Agriculture. 
Literature Cited
Achury, R., P.C. Ulloa, and A.M. Arcila. 
2008. Ant composition and competitive in-
teractions with Wasmannia auropunctata in 
tropical dry forest fragments. Rev. Colomb. 
Entomol 34:209–216.
Ayoola, P.B., A. Adeyeye, and O.O. Onawu-
mi. 2012. Chemical evaluation of food value 
of groundnut (Arachi hypogaea) seeds. Am. 
J. Food. Nutr. 2:55–57. 
Ant bAit AttrActiveness to little fire Ant 53
Bayer Environmental Science. 2014. Backed 
by Bayer, Maxforce Complete Brand Granu-
lar Insect Bait Reference Guide. http://www.
backedbybayer.com/pest-management/ 
baits/maxforce-complete-brand-granular-
insect-bait (last accessed 7 October 2014)
Bextine, B.R., and H.G. Thorvilson. 2002. 
Field applications of bait-formulated with 
Beauveria bassiana alginate pellets for 
biological control of the red imported fire 
ant (Hymenoptera:Formicidae). Environ. 
Entomol. 31:746–752.
Buczkowski, G, E. Roper, and D. Chin. 2014. 
Polyacrylamide hydrogels: an effective tool 
for delivering liquid baits to pest ants (Hy-
menoptera: Formicidae). J. Econ. Entomol. 
107:748–757.
Causton, C.E., C.R. Sevilla, and S.D. Por-
ter. 2005. Eradication of the little fire ant, 
Wasmannia auropunctata (Hymenoptera: 
Formicidae), from Marchena Island, Gala-
pagos: on the edge of success? Fla. Entomol. 
88: 159–168.
Clark, D.B., C. Guayasamin, O. Pazmino, 
C. Donoso, and Y.P. De Villacis. 1982. 
The tramp ant Wasmannia auropunctata: 
autecology and effects on ant diversity and 
distribution on Santa Cruz Island, Galapa-
gos. Biotropica 14: 196–207.
Conant, P., and C. Hirayama. 2000. Was-
mannia auropunctata (Hymenoptera: 
Formicidae): established on the Island of 
Hawaii. Bishop Museum Occasional Papers. 
64: 21–22.
Conant, P., R.A. Heu, L. Nakahara, B. Ku-
mashiro, and N. Reimer. 2007. Little fire 
ant Wasmannia auropunctata (Roger) (Hy-
menoptera: Formicidae) State of Hawaiʻi, 
Department of Agriculture New Pest Advi-
sory No. 99–02.
Cook, S.C., M.D. Eubanks, R.E. Gold, and 
S.T. Behmer. 2010. Colony-level macro-
nutrient regulation in ants: mechanisms, 
hoarding and associated costs. Anim. Behav. 
79:429–437.
de Souza, A.L.B., J.H.C. Delabie, and H.G. 
Fowler. 1998. Wasmannia spp. (Hym. 
Formicidae) and insect damages to cocoa 
in Brazilian farms. J. Appl. Entomol. 122: 
339–341.
Drees, B.M., and C.L Barr. 1998. Evaluation 
of Red Imported Fire Ant Baits Containing 
Methoprene, 1992–1996. Texas Agricultural 
Extension Service Report, College Station, 
Texas.
Hara, A.H., S.K. Cabral, R.Y. Niino-DuPon-
te, C.M. Jacobesen, and K. Onuma. 2011. 
Bait insecticides and hot water drenches 
against the little fire ant, Wasmannia au-
ropunctata (Hymenoptera:Formicidae), 
infesting containerized nursery plants. Fla. 
Entomol. 94:517–526.
Hawaiʻi Ant Lab. 2012. Mixing HAL gel 
bait with Tango for control of little fire ant. 
LFA Fact Sheet 5, Version 5.2. http://www.
littlefireants.com/Tango%20package.pdf
Holway, D.A., L. Lach, A.V. Suarez, N.D. 
Tsutsui, and T.J. Case. 2002. The causes 
and consequences of ant invasions. Annu. 
Rev. Ecol. Syst. 33:181–234.
Kaiser, K.L.E. 1978. Pesticide Report: The 
rise and fall of mirex. Environ. Sci. Technol. 
12: 520–528.
Krushelnycky, P.D., L.L. Loope, and N.J. 
Reimer. 2005. The ecology, policy and man-
agement of ants in Hawaii. Proc. Hawaiian 
Entomol. Soc. 37:1–25.
Le Breton, J., J.C.H. Delabie, J. Chazeau, 
and H. Jourdan. 2004. Experimental 
evidence of large-scale unicoloniality in 
the tramp ant Wasmannia auropunctata 
(Roger). J. Insect Behav. 17: 263–271.
Lowe, S., M. Browne, and S. Boudjelas. 2000. 
100 of the world’s worst invasive alien spe-
cies: A selection from the global invasive 
species database. The Invasive Species 
Specialist Group (ISSG) a specialist group 
of the Species Survival Commission (SSC) 
of the World Conservation Union (IUCN), 
World Conservation Union (IUCN), Auck-
land, New Zealand, 12 pp.
Lubin, Y.D. 1984. Changes in the native fauna 
of the Galapagos Islands following invasion 
by the little red fire ant Wasmannia-auro-
punctata. Biol. J. Linn. Soc. 21: 229–242.
Mathieson, M., R. Toft, and P.J. Lester. 2012. 
Influence of toxic bait type and starvation 
on worker and queen mortality in labora-
tory colonies of Argentine ant (Hymenop-
tera: Formicidae). J. Econ. Entomol. 105: 
1139–1144.
Meier, R.E. 1994. Coexisting patterns and 
foraging behavior of introduced and native 
ants (Hymenoptera Formicidae) in the Gala-
pagos Islands (Ecuador), pp. 44–61 In D.F. 
Williams [ed.], Exotic ants: biology, impact 
54 HArA et Al.
and control of introduced species. Westview 
Press, Boulder, Colorado. 
Minitab 16 Statistical Software. 2010. 
Minitab, Inc., State College, PA. www.
minitab.com.
Oliver, J., S. Ochieng, K. Vail, N. Youssef, 
and M. Halcomb. 2010. Imported fire ant 
control in production nurseries with baits. 
SACS 2010-1. Tennessee State University, 
Department of Agricultural Sciences, Nash-
ville, Tennessee and The University of Ten-
nessee Institute of Agriculture Extension, 
Knoxville, Tennessee. 
Özcan, M., and S. Seven. 2003. Physical and 
chemical analysis and fatty acid composi-
tion of peanut, peanut oil and peanut butter 
from ÇOM and NC-7 cultivars. Grasas 
Aceites 54:12–18.
Roberts, S. 2008. Transform your data. Nutri-
tion 24:492–494.
Souza, E, P.A. Follett, D.K. Price, and 
E.A. Stacy. 2008. Field suppression of 
the invasive ant Wasmannia auropunctata 
(Hymenoptera: Formicidae) in a tropical 
fruit orchard in Hawaiʻ i. J. Econ. Entomol. 
101: 1068–1074.
Spencer, H. 1941. The small fire ant Wasman-
nia in citrus groves; A preliminary report. 
Florida Entomol. 24: 6–14.
Theron, L., M. Grauwels, and B. Osson. 
2007. Wasmannia auropunctata linked 
keratopathy (WALK) hypothesis: The 
Polynesia case. Veterinary Medicine Master 
Paper. Université de Liège, Belgium.
Ulloa-Chacόn, P., and D. Cherix. 1990. The 
little fire ant Wasmannia auropunctata (R.) 
(Hymenoptera: Formicidae), pp. 281–289 In 
R.K. Vander Meer, K. Jaffe, and A. Cedeno 
[eds.], Applied Myrmecology. Westview 
Press, Boulder, Colorado.
Vanderwoude, C., and B. Nadeau. 2009. Ap-
plication methods for paste bait formulations 
in control of ants in arboreal situations. Proc. 
Hawaiian Entomol. Soc. 41: 113–119.
Vanderwoude, C., K. Onuma, and N. Reimer. 
2010. Eradicating Wasmannia auropunctata 
(Hymenoptera: Formicidae) from Maui, 
Hawaii: the use of combination treatments 
to control and arboreal invasive ant. Proc. 
Hawaiian Entomol. Soc. 42: 23–31.
Wetterer, J.K., and S.D. Porter. 2003. The 
little fire ant, Wasmannia auropunctata: 
distribution, impact, and control. Sociobiol-
ogy 42:1–41.
Williams, D.F., H.L. Collins, and D.H. Oi. 
2001. The red imported fire ant (Hymenop-
tera: Formicidae): an histrical perspective 
of treatment programs and the development 
of chemical baits for control. Am. Entomol. 
47:146–159.
Williams, D.F., and P.M. Whelan. 1992. 
Bait attraction of the introduced pest ant, 
Wasmannia auropunctata (Hymenoptera: 
Formicidae) in the Galapagos Islands. J. 
Entomol. Sci. 27: 29–34.
